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The Faroe Islands are located in the North Atlantic Ocean where climate is influenced by 
major oceanic and atmospheric circulation patterns. Paleoclimate records from the region 
provide important perspectives on the long term variability of these regional climate  
system components. The Faroe Islands also have an interesting history of human 
colonization, which likely did not occur until the mid-first millennium AD. This study 
reconstructs Holocene paleoenvironmental conditions during the past 8000 cal yr BP in 
the Faroe Islands based on analysis of a 327 cm sediment record from Lake Sandsvatn, 
located along the coast of Sandoy. Geochemical and physical analyses of sediments were 
used to infer the timing and impact of past climate and environmental changes. The base 
of the record contains coarse sediment with shell fragments and other geochemical 
characteristics that indicate a marine overwash deposit, attributed to a tsunami originating 
off the western coast of Norway c. 8000 cal yr BP. Sedimentation over the last 8000 
years is highly variable, reflecting a high energy coastal environment impacted by high 
winds and storms that deliver and rework coarse sediment. Results show an increase in 
variability during the mid- to late Holocene, likely in response to a decrease in insolation 
and change in regional atmospheric circulation. Approximately 1600 years ago, the 
record is characterized by a distinct increase in terrestrial organic matter that likely marks 
a period of landscape disturbance due to initial human colonization, supporting other 
evidence for occupation 300-500 years earlier than commonly recognized. Overall, this 
paleoenvironmental record provides an improved understanding of North Atlantic climate 





The North Atlantic Ocean is highly susceptible to climate variability, and can give 
us clues about how climate will continue to change in the future. Fluctuating insolation 
has led to climatic changes and shifts in atmospheric circulation patterns, both of which 
affect the islands of the North Atlantic. Studying paleoclimate records from these islands 
and reconstructing environmental changes adds to a more complete understanding of past 
climate and landscape evolution. These paleoclimate records can best be characterized 
during the Holocene, or the past 10,000 years,. The early Holocene was warm, and then 
cooled down during the mid- to late- Holocene, altering ocean and atmospheric currents 
(Hurrell and Deser, 2007; Rasmussen & Thomsen, 2010; Marcott et al., 2013). While 
there are differences in the timing of these longer trend climate changes, higher frequency 
climate fluctuations can be resolved with higher resolution paleoclimate records.  
The Faroe Islands are located in the middle of the North Atlantic Ocean, between 
Iceland and Norway, and therefore local climate conditions are regulated by important 
ocean and atmospheric circulation systems. The Faroe Islands were not glaciated during 
the Holocene, so coastal lakes provide a continuous record of climatic changes 
throughout the Holocene without glacial erosion (Andresen et al., 2006). High resolution 
lake sediment records from the Faroe Island can be used to reconstruct oceanic and 
atmospheric dynamics of the region and to learn more about the arrival of humans.  
 This study reconstructs Holocene paleoenvironmental conditions in the Faroe 
Islands based on a lake sediment record from the island Sandoy, focusing on major 
landscape changes and climate variability (Figure 2). We evaluate sedimentary changes 
to investigate the impact on coastal lakes of past climate and environmental changes of 
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the past 8000 years in the region. Proxies such as organic matter, grain size, magnetic 
susceptibility, and titanium have been studied to infer the onset of human arrival, the 
impact of an early Holocene tsunami, and variability of storms affecting the islands.  This 
study will help provide a more detailed record of the Holocene in the North Atlantic to 
better understand past climatic changes and to infer about future climatic changes, as well 




Figure 1. The North Atlantic Ocean region showing important oceanic and atmospheric 
circulation patterns as well as the location of the Faroe Islands (white box). Warm ocean 
currents are shown in red and cold ocean currents are shown in blue.  The generalized 
track of the Jetstream during positive NAO phases is shown in orange, while the 
Jetstream during negative NAO phases track towards Spain (Stewart et al., 2017). The 
location of the Storegga Slide off the western coast of Norway is shown near the top of 
the figure, along with known locations of Storegga Tsunami deposits shown as yellow 




Figure 2. (a.) The Faroe Islands, with the location of the Sandsvatn catchment on Sandoy 
(white box). (b.) Lake Sandsvatn’s watershed is shown in gray, overlaying the southern 
part of the island of Sandoy. The collection site of the sediment cores is shown as an 
orange marker in the middle of the lake. Known archaeological sites and locations of 











The Faroe Islands are located on a passive margin in the Norwegian Sea between 
Norway, Scotland, and Iceland, and are made up of 18 small islands composed of 
Tertiary basalts (Figure 2a) (Humlum et al., 1996, Richardson et al., 1999).  The Tertiary 
plateau basalts are homogeneous tholeithic in composition and have phenocrysts of 
plagioclase (Anderson et al., 2006). Underlying the basalt is continental crust, which 
underwent stretching during the Mesozoic (Richardson et al., 1999). Evidence of past 
glacial activity during the Last Glacial Maximum includes moraines, U-shaped valleys, 
fjords, cirques, and roche moutonnees. There has been no glacial activity during the 
Holocene, which is important in reconstructing a continuous record of the Holocene 
(Humlum et al., 1996). 
The modern climate of the Faroe Islands can best be characterized by above 
freezing temperatures and high wind speeds. For the majority of the year, temperatures 
average between 4°C and 8°C, with occasional snow in the winter months (Figure 3) 
(Meteoblue, 2019). Precipitation fluctuates between 40 mm to 100 mm per month, 
averaging 1000 mm per year in coastal areas. Wind speeds often gust to 50 kmh, and 
usually blow from the south/southwest. The Faroes are impacted by frequent cyclones, 
blowing in from the southwest, and these storms bring in high winds and heavy 
precipitation from the warm North Atlantic Current (Cappelen, 2018). 
Native vegetation of the Faroe Islands mainly consisted of shrubs (Hannon et al., 
2005). The early Holocene had herbaceous preboreal vegetation, which transitioned to 
shrub-woodland cover for the mid- to late- Holocene. After humans arrived, there was a 
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loss of woody vegetation and increased erosion, leading to an open landscape more 
suitable for agriculture and livestock (Hannon et al., 2005).  
 
 
Figure 3. Modern climate of the Faroe Islands. Average precipitation is shown as dark 
blue bars. Modern high and low temperatures averages are shown in red and light blue, 
respectively (Meteoblue, 2019). 
 
 
Regional oceanic and atmospheric circulation 
Atmospheric and oceanic circulation patterns play a role in the climate of the 
Faroe Islands.  Annual and seasonal climate conditions are partly associated with 
variability of the North Atlantic Oscillation (NAO), which is a pressure difference 
between the Azores high and Icelandic low that leads to a shifting of air masses in the 
North Atlantic region (Figure 1) (Hurrell, 1995; Hurrell and Deser, 2010).  During a 
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positive NAO phase there is a large gradient between the pressure systems with a strong 
Azores high and strong Icelandic low, and during a negative NAO phase there is a 
smaller gradient with a weak Azores high and weak Icelandic low (Hurrell and Deser, 
2010).  The NAO varies on an inter-annual timescale, which affects the path of the jet 
stream and storm trajectories.  The Faroe Islands are most impacted during positive NAO 
conditions when the jet stream follows a more northerly path and brings heavier winter 
storms to the Faroes (Figure 1). The Faroe Islands are also located near the intersection of 
several major ocean current systems (Figure 1). The main ocean current affecting climate 
of the Faroes is the North Atlantic Current, which transitions into the Norwegian Current 
as it flows north (Figure 1).  The North Atlantic Current brings warm water up from the 
tropics towards the Arctic.  The warm Irminger Current breaks off from the North 
Atlantic Current and flows southwest of Iceland.  The East Greenland current brings cold 
water down from the Arctic towards the tropics, and the East Iceland Current is a 
branching current that is also cold and flows northeast around Iceland toward the Faroe 
Islands. The Faroe Islands are located near the boundary of these contrasting warm and 
cold currents. Changes in the relative strength of these currents can strongly affect 
climate of the Faroes. For example, when North Atlantic Deep Water (NADW) formation 
is reduced, the Norwegian Current is weaker, and more polar water can be transported 







Holocene paleoclimate  
Holocene climate is generally characterized by a steady decrease in Northern 
Hemisphere summer insolation, leading to general cooling (Marcott et al., 2013).  Over 
shorter timescales, abrupt events are also evident (Marcott et al., 2013).  For example, in 
the early Holocene, 8200 cal yr BP, a cold event was likely triggered by freshwater 
flooding from glacial lakes, mainly the outburst flood of Lake Agassiz (Barber et al., 
1999). The Holocene Thermal Maximum was the warmest interval of the Holocene, 
starting around 8000 cal yr BP and ending around 6000 cal yr BP, followed by cooler 
temperatures throughout the late Holocene (Marcott et al., 2013). After 6000 cal yr BP, 
there was more instability in the climate and general cooling.  This period is often 
referred to as the “Neoglacial Period,” and is representative of a readvance of glaciers in 
most parts of the high northern latitudes (Miller et al., 2010). The Little Ice Age was part 
of this neoglaciation, and it was a short cold period and is evident throughout the North 
Atlantic by shifts in storms patterns and sea ice extent (Meeker and Mayewski, 2002). 
Late Holocene climate of the North Atlantic has also been examined with sediment core 
records showing changes in the strength and variability of storms associated with the 
NAO (Orme et al. 2017, Stewart et al. 2017). Overall, the impact of these Northern 
Hemisphere and North Atlantic Holocene climate trends have been documented in the 
Faroe Islands by palynological and geochemical studies (Andresen et al., 2006, Dugmore 
et al., 2005, Hannon et al., 2005, Jessen et al., 2007, Olsen et al., 2010, Witak et al., 





Initial human colonization of the Faroe Islands 
Humans have inhabited the Faroe Islands for centuries, but the initial arrival date 
is debated (Church et al., 2013). Different studies have estimated contrasting arrival 
dates, with all estimations much later than arrival dates in nearby areas of Scotland, 
Shetland, and Ireland. One of the initial studies documenting the first humans in the 
Faroes presented evidence of the first humans between the 5th to 7th centuries AD 
(Hannon et al., 2001). This age range is from evidence of crops, charcoal, and wild 
grasses that were radiocarbon dated to this time frame. A further study of 
paleoenvironmental changes based on pollen grains by Hannon et al. (2005) suggested 
that there were human settlements between the 5th and 6th centuries AD. This study also 
speculated that sheep were brought over to the Faroes in the 8th century AD, additional 
proof that humans had inhabited the islands by this time. Studies by Lawson et al. (2005; 
2007) suggest humans had inhabited the Faroe Islands by the 9th century AD based on 
archaeological data and lake diatom records. Church et al. (2013) questioned these human 
arrival dates, and found evidence for human impact on the Faroe Islands closer to the 4th 
to 6th centuries AD based on dated peat ash patches, which would make the arrival date of 
humans earlier than previously thought. The initial arrival of humans is generally 
associated with widespread deforestation and enhanced runoff from agriculture, which 
together lead to rapid sedimentation in lakes and a disturbance in the chronology due to 
age reversals, which has made it hard to narrow down a specific date for human arrival 
(Church et al., 2013). Another factor that influences archaeological evidence is that 
humans have been building on top of previous settlements and further disturbing the 




 The Storegga Slide was a large submarine landslide that occurred during the early 
Holocene along the Norwegian continental margin and generated a tsunami which 
impacted many coastlines in the North Atlantic (Figure 1) (Bondevik et al., 1997a).  The 
Storegga Slide originated on Norway’s passive continental margin around 8000 cal yr 
BP, and the resulting Storegga Tsunami has been recorded in locations such as western 
Norway (Bondevik et al., 1997; Rasmussen et al., 2018), Scotland (Dawson et al., 1988), 
Greenland (Wagner et al., 2007), and the Faroe Islands (Grauert et al., 2001). The 
Tsunami has been identified in 25 coastal lakes in Norway as an unconformity overlain 
by sand deposits mixed with shell fragments, overlain by organic matter (Bondevik et al., 
1997; 2003). Run-up heights, or the total height above sea level that the wave reaches, 
have been modeled throughout the North Atlantic and are generally accurate when 
compared to sediment records and outcrops. Run-up heights of 10-20 m have been 
recorded on the Norwegian coast, 12 m in the Shetland Islands, and 3-6 m in Scotland 
(Hill et al., 2014).  
 In the Faroe Islands, similar sedimentary characteristics illustrating the impact of 
the tsunami have been observed (Grauert et al., 2001). Evidence for deposits from the 
Storegga Tsunami has been recorded in a coastal lake on Suduroy, another island of the 
Faroes. On Suduroy, a lake sediment core shows two large waves from the Storegga 
Tsunami inundating the lake basin, causing an initial depositional event, followed by 
more erosion and redeposition (Grauert et al., 2001). Sandy gyttja, marine shell 
fragments, foraminifera, and wood pieces were deposited together in a mixed layer 
(Grauert et al., 2001). Grauert et al (2001) estimated the run-up heights to be at least 10 
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m. Another study estimating Storegga Tsunami run-up heights suggested that the run-up 
height was at least 20 m based on a lower sea level during the early Holocene (Bondevik 
et al., 2005). Run-up heights were also modeled by Hill et al. (2014) in the Faroes, but the 
models are believed to underestimat wave heights at 15-20 m when compared to 
sediment records and other studies. It is unclear how much this study underestimates 
wave height, but is likely due to not accounting for wave amplification as the Tsunami 
moved through channels between the islands.  
 
Study site 
Lake Sandsvatn is located on the island Sandoy, which is part of the Enni 
Formation, and is composed of interbedded simple and compound basalt lava flows 
(Passey and Bell, 2007).  Lake Sandsvatn is 3-4 m deep and 8 m above sea level along 
the southern coast (Figure 2b). It is oriented northwest to southeast, and is impounded by 
a sandy beach ridge at the southeastern extent. There is a small outlet to the coast that 
cuts through the beach ridge. Multiple small streams leading into the lake, coming from 
both inland to the north and higher elevation to the east. Due to the exposed nature of the 
catchment and its position along the coast, the lake was chosen to study because it has the 
potential to record sedimentary changes from the marine environment, including from the 
impact by wave action associated with large storms. It is also positioned near important 
archaeological sites and is a catchment likely settled early in the human history of the 
islands, sometime close to or earlier than the 9th century AD (Figure 2). These sites 
include pollen from barley grains at Heimavatn and Hov, northern and southern Faroe 
Islands respectively, and multiple sites with carbonized barley grains on the island of 
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Sandoy (Church et al., 2013). Furthermore, there is evidence of Viking longhouses on 
Sandoy, as well as cow and sheep bones in the area to further support human arrival in 




 Two sediment cores were collected from Sandsvatn in 2015. The cores were 
collected from the deepest (4 m) part of the lake (Figure 2b). One was collected using a 
gravity coring device (SAD-01-15; 105 cm), and the other core was recovered using a 
percussion coring device (SAP-01-15; 305 cm) and was cut into three sections in the 
field.  The cores have been preserved in cold storage. A composite record of the cores 
was compiled based on physical and chemical parameters.   
 
Chronology  
 Radiocarbon measurements were made on samples of plant/wood fragments taken 
from throughout the core.  Radiocarbon ages were calibrated to calendar years before 
present using CALIB 7.1 with the IntCal13 calibration dataset (Reimer et al., 2013).  
Ages are given in calendar years before present (cal yr BP).   
 Some lake sediment cores from the islands in North Atlantic Ocean have tephra 
layers in them associated with known Icelandic volcanic eruptions, which can provide 
improved age control (Wastegard et al., 2018).  Specific eruptions were targeted in 
several intervals of SAP-01-15, which was sampled in 5 cm sections from 155 to 243 cm. 
The sediment samples were sieved with 125 m, 63 m, and 20 m sieves.  Tephra was 
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isolated from the sediment using a density separation technique (Turney, 1998).  Sodium 
polytungstate with densities of 2.3 g/cm3 and 2.5 g/cm3 were used on the individual 
samples.  Material with a density of less than 2.3 g/cm3 was removed, and everything 
between 2.3 g/cm3 and 2.5 g/cm3 was recovered.  This technique enabled the separation 
of volcanic ash grains from the rest of the sediment.  These volcanic ash grains were 
mounted on microscope slides and were analyzed under a standard transmitted light 
microscope at 400x magnification and with a mechanical stage to determine the amount 
of volcanic ash grains within each 5 cm sample.   
 
Organic sediment properties 
Loss-on-ignition (LOI) was performed every 1 cm to measure organic matter 
content. The samples were dried at 103-105°C for 24 hours, weighed, and ashed at 550°C 
for 1 hour to burn off the organic material. Samples were again weighed, and the organic 
matter was determined as the percent difference between the dry weight and the ashed 
weight.  An Elementar vario MICRO cube was used to analyze the percentages of total 
organic carbon (%TOC), sulfur (%S), nitrogen (%N), and the carbon to nitrogen ratio 
(C/N). Sediment samples were taken every 1 cm from the SAD-01-15 (105 cm) core, and 
every 5-10 cm for the SAP-01-15 core (305 cm). Samples were freeze dried and ground, 
and then 4-6 mg was measured out into aluminum weigh boats. These were run through 
the elemental analyzer, along with known standards of Sulfanilamide for calibration. 
Standard deviations were calculated based on triplicate analysis of %N, %TOC, and %S, 
with standard deviations of ± 0.02, ±0.21, and ±0.16, respectively. %TOC can determine 
how much organic matter is in sediment, and C/N values can be indicative of a more 
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terrestrial influence in a lake (high C/N values) or a more aquatic influence (low C/N 
values) (Meyers, 2002). Sulfur is an indication of sea spray, and can by a proxy for 
storminess as larger storms will generate intense waves with more sea spray traveling 
towards the lake (Jessen et al., 2007).  
 
Physical sediment properties 
Grain size was measured every 1 cm for the SAD-01-15 core, and every 5-10 cm 
for the SAP-01-15 core.  Samples were treated with 30% hydrogen peroxide to digest 
organic carbon matter and 50% sodium hydroxide to digest siliceous organic matter.  
After the samples were rinsed with deionized water, a calgon dispersant was added to the 
samples to break up any flocs.  Samples were then vortexed to stir the sediment and 
analyzed using a Beckman Coulter LS13320 Laser Diffraction Particle Size Analyzer.  
Magnetic susceptibility was measured every 0.5 cm down core using a Barington 
MS2E Sensor. This measurement can provide information about the source of the 
sediment, and more specifically if there is a change in the source of sediment (Thompson 
et al., 1975). 
 
Scanning XRF 
An ItraxTM scanning X-ray fluorescence (XRF) was used to characterize 
elemental changes at a high resolution throughout the core. The scanner collected data 
every 0.2 mm by continuously scanning the core with an X-ray beam that provides 
relative elemental concentrations (Croudace et al., 2006). This analysis focused on the 
following elements: sulfur, potassium, calcium, titanium, chromium, manganese, iron, 
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bromine, and rubidium. These data provide a high resolution perspective on 
sedimentological changes. The analysis focused on elements that provide information 
about changes in minerogenic input, as well as specific marine-derived elements, such as 
calcium and bromine. To characterize changes in elemental data, a principal component 




The composite record was created by matching data from the gravity and 
percussion cores (SAD-01-15 to SAP-01-15). To combine SAD-01-15 with SAP-01-15, 
different parameters were analyzed to see where the cores overlap. Similar patterns were 
observed most clearly in the 1-cm resolution loss on ignition data, which is a proxy for 
percent organic matter (Figure 4). These trends are supported by other datasets and show 
that 22.5 cm is missing from the upper part of the SAP core, and this sediment loss 
occurred during core collection. Therefore, a 22.5-cm offset was applied to create a 
composite stratigraphy.   
 The Sandsvatn record has four primary lithostratigraphic units defined by 
sedimentological and biogeochemical changes (Figure 4).  These changes are seen in 
physical sediment characteristics, organic matter content, elemental changes, and grain 
size data.  Unit I is a brownish gray silty sand layer extending from 327.5 to 307 cm with 
abundant shell fragments.  Unit II, from 307 to 143 cm, is a massive brown silt. The 
lower 40 cm of Unit II  has a lower organic content and is slightly sandier, whereas the 
upper 120 cm has less sand and reddish brown laminations. Unit III (143 to 77 cm) is a 
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massive dark brown silt with high organic content and abundant plant fragments. Unit IV 
(77 to 0 cm) is light to medium brown silt with iron oxidation lamination, and a similar 
organic matter content to Unit II.   
 
Chronology 
 An age model was created for Sandsvatn based on 12 radiocarbon dates (Table 1).  
In general, age increases with depth, although there are several age reversals (Figure 4). 
Radiocarbon dates were analyzed in the Clam age modeling software and used to create a 
best-fit model (Blaauw, 2010).  The Clam software calibrates the ages using the IntCal13 
calibration dataset and fits a smooth spline function to the data (Blaauw, 2010).  Several 
dates were excluded from the Clam age model in Unit III and Unit IV because of 
anomalously old ages and are shown as red points in Figure 4.  There is evidence for a 
significant landscape disturbance within this Unit resulting in age reversals, which 
happen from the mixing of older and younger sediment during disturbances in the lake or 
due to fast wind speeds that can impact the sediment mixing in this shallow lake. These 
age reversals and disturbed interval have been documented elsewhere on the Faroe 
Islands and is discussed further below. The Clam program produces a minimum, 
maximum, median, and mean age for each depth in the model, and the median age was 
applied to my data. There are significant uncertainties in the model, primarily prior to 
8000 cal yr BP and dates surrounding Unit III.   
Based on this age model, age ranges were defined for each Unit. The top of Unit I 
is c. 8000 cal yr BP, and this is represented by a dashed line in the age model (Figure 4). 
Unit II ranges from 8000 to 1600 cal yr BP, Unit III from 1600 to 900 cal yr BP, and Unit 
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IV from 900 to -65 cal yr BP (AD 2015). Sedimentation is slower in Unit II than the 
other units, but then increases within Units III and IV.  
 
 








Figure 4. Sediment stratigraphy defined by four primary units, shown with the age model, 
organic matter, and magnetic susceptibility. The blue markers in the age depth model 
represent the radiocarbon dates that were used to create the model, whereas the red 
markers indicate dates that were excluded from the age depth model. Percent organic 
matter values for SAP-01-15 (black line) and SAD-01-15 (gray line) show how the two 
cores align. Core SAP-01-15 was vertically offset by 22.5 cm to align with SAD-01-15 to 





Organic sediment analysis 
 Organic content is highly variable throughout the Sandsvatn record, and shows 
distinct changes across the four lithologic units (Figure 4).  Organic matter percentages 
are the least variable in Unit I, and range from 2-8%. Values in Unit II are more variable, 
ranging from 10-25%. There is a general increase in organic matter from the base of Unit 
I through Unit II. Organic matter is highly variable in Unit IIb, ranging from 7-22%.  The 
highest organic matter values are in Unit III with an average of 32% and range of 16-
46%. Values in Unit IV decrease with an average of 20%, but they are highly variable. 
%TOC was also measured and ranges from 1-5% and generally follows trends in percent 
organic matter (Figure 5). 
 Sulfur content and C/N are highly variable throughout the sediment record 
(Figure 5). Unit I is best defined by high C/N values, with a range of 15-37.  C/N values 
for the rest of the core range between 10 and 28, and trends follow those of organic 
matter. %S is higher through Unit II, and drops to an average of 1.9% in Unit III. The 
base of Unit IV is defined by a spike in %S, but then has a decreasing trend to the top of 







Figure 5. Total organic carbon (gray line), organic matter (LOI), sulfur, and carbon to 
nitrogen ratios for the Sandsvatn record.   
 
 
Physical sediment analysis 
Sediment textures are highly variable throughout the core (Figure 6a).  Unit I has 
the highest sand composition, ranging from 25-72% and has the lowest silt content.  For 
the other three units, silt comprises 49-80% of the sediment,.  Unit III has slightly higher 
clay percentages, with an average of 19% when compared to an average of 13% through 
the rest of the core. In the top 76 cm of the record (Unit IV), the higher sampling interval 
reveals greater detail in the frequency of grain size variations (Figure 6b).  In particular, 
distinct peaks in sand occur around 400 cal yr BP, 650 cal yr BP, and 900 cal yr BP.   
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 Magnetic susceptibility values do not follow similar trends of other data (Figure 
4). The magnetic susceptibility is slightly higher in Unit I with an average of 190 SI x 10-
5, and decreases throughout Unit IIa. Unit IIb is slightly more variable, with a large peak 
of 920 SI x 10-5 at the top of Unit IIb.  Magnetic susceptibility is at its highest at the end 
of Unit II and onset of the base of Unit III.  Unit III has a decreasing trend, and Unit IV is 







Figure 6. (a.) Grain size down core shown as percentages of sand, silt, and clay. (b.) The 
percent sand shown along with titanium data for Unit IV to highlight similar trends in the 








Scanning XRF analysis 
 The scanning XRF analysis focused on elements that might indicate changes in 
lithogenic input or marine influence, including: S, K, Ca, Ti, Cr, Mn, Fe, Br, and Sr. Data 
for all of the elements are highly variable, but some elements are strongly correlated and 
indicate dominant trends in the dataset.  Significant correlations can be seen among K, 
Ca, Ti, Fe, and Mn, which all have R values greater than 0.700 (Table 2).  A principal 
component analysis was performed to identify the primary mode of variability in 
elemental data. The first principal component (PC1) represents the majority of the 
variance and shows the leading mode of variability and is highly correlated with K, Ca, 
Ti, Fe, and Mn (Table 2). PC1 values are highest in Unit I which exhibit an overall 
decreasing trend (Figure 7).  Unit IIa has low variability, but has relatively high constant 
values when compared to the rest of the record. Unit IIb is highly variable with no clear 
trends.  At the beginning of Unit III, there is a decrease in values that stay low throughout 
Unit III, but then increases slightly at the transition between Unit III and Unit IV. Unit IV 
has an increasing trend. Overall, trends in PC1 are similar to those of Ti, which closely 
matches trends in sand content (Figure 7). Bromine and calcium do not follow the trend 
of PC1 and the elements associated with PC1 (Figure 7).  Bromine values are high 
throughout Unit I and Unit IIa, but stay fairly constant with low values throughout the 
rest of the record.  Calcium is very high in Unit I but decreases, with the rest of the core 
having lower values that are less variable.  Units III and IV have a slightly lower average 




Table 2. Correlations among scanning XRF elemental data and PC1 for the Sandsvatn 





Figure 7. Scanning XRF record with the first principal component, bromine, and calcium 





 The described lithostratigraphic units are each interpreted to represent a specific 
aspect of the paleoenvironmental history of Sandsvatn and the Faroe Islands. These 
interpretations include the impact of the early Holocene Storegga Tsunami c. 8000 cal yr 
BP, climate variability from the mid- to late- Holocene, and the initial colonization of the 
Faroe Islands by humans.  
 
Unit I (c. 8000 cal yr BP): Storegga Tsunami 
 The base of the Sandsvatn record (Unit I) is distinct from the rest of the sequence 
in that is has high sand content (up to 72%), abundant shell fragments, high C/N values, 
and high Ca values (Figures 8). All of these data indicate that there must have been a 
large event that caused an influx of marine-derived sediment. High calcium values in 
Unit I are indicative of marine influence because shell fragments that were washed into 
the lake basin are made up of calcium carbonate, and foraminifera that would also be 
washed into the lake use calcium carbonate to build their shells (Davies et al., 2015). 
High C/N values typically indicate a more terrestrial input of sediment, but in this case 
the high C/N values are due to inorganic carbon. With the high amount of shells in Unit I 
from the marine overwash, there is a lot of inorganic carbon from the calcium carbonate 
shells. Sedimentation abruptly changes at the top of Unit I, c. 8000 cal yr BP. The 
characteristics and timing of sedimentation in this unit have led to my interpretation that 
Sandsvatn could have been impacted by the Storegga Tsunami.  
The Storegga Tsunami has been recorded in lakes and sediment deposits in 
Norway, Scotland, Greenland, and the Faroe Islands, so it is probable that the Tsunami 
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has been recorded in Sandsvatn as well (Figure 1) (Bondevik et al., 2012). In Suduroy, on 
the Faroe Islands, there is evidence of the Storegga Tsunami in a lake based on extensive 
deposition of sediment into the lake (Grauert et al., 2001). The Tsunami deposited sand 
and sandy gyttja with marine shell pieces, formainifera, and wood fragments mixed in. 
Based on the evidence from Suduroy, there were multiple waves that inundated the basin, 
with the first wave depositing a large amount of sediment. After sediment from the initial 
wave began to settle out, the following waves partially eroded this initial material and 
deposited reworked sediment (Gruaert et al., 2001). Evidence from Sandsvatn is 
comparable to evidence from the lake in Suduroy; there is a higher sand content and 
marine shell pieces. However, Suduroy has evidence for multiple waves inundating the 
basin, whereas the deposition event in the Sandsvatn record seems more massive and 
lacking any deposits associated with distinct depositional wave events.  
The run-up of the Storegga Tsunami has been modeled in the North Atlantic 
Ocean, but models and predictions for the Faroe Islands underestimate the wave height 
compared to the deposits studied by Grauert et al. (2001) (Bondevik et al., 2005; Hill et 
al., 2014). Grauert et al. (2001) estimated the wave height to be 10 m, based on the fact 
that the lake is currently 4 m above sea level and sea level was ~5 m lower in the Faroe 
Islands during the early Holocene (Fairbanks, 1989; Grauert et al., 2001). Hill et al. 
(2014) modeled the run-up to be 20 m in some locations, and thinks this is an 
underestimation. This underestimation may be due to the model oversimplifying 
paleobathymetry and not accounting for local funneling or amplification of the Tsunami 
waves (Hill et al., 2014). Bondevik et al. (2005) agrees that the run-up at the Faroe 
Islands could have been up to 20 m. I am estimating the run-up to similarly be around 20 
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m. Sandsvatn is confined by an 8 m beach ridge, in combination with sea level being 5 m 
lower, leading to a minimum run-up height of 13 m. A 13 m run-up might deposit a little 
sediment, but would most likely need to be larger than 13 m to deposit the 30 cm of 
sediment that is observed in the record, so I am estimating a run-up height between 15 m 
and 20 m.  
Another proposed cause of the sandier sediment at the base of Unit I is the 8200 
cal yr BP cold event. The cold event also occurred in the early Holocene, and was 
recorded across the North Atlantic Ocean (Barber et al., 1999). The ‘8.2 Ka event’ was 
caused by freshwater flooding from glacial lakes, specifically when the Laurentide ice 
sheet was waning and caused an abrupt outflow of freshwater into the Labrador Sea. This 
would have altered ocean circulation patterns and would have decreased ocean 
atmosphere heat transfer. Stronger storms from the change in circulation patterns could 
have increased the sand percentages in some locations with more intense winds and 
precipitation, but is unlikely that storms could have breached the 8 m beach ridge that 
confines Sandsvatn. A study conducted off the Faroe Island coast has a sandy layer dated 
to 8200 cal yr BP, which could be interpreted as the 8.2 Ka Event (Rassmusen and 
Thomsen, 2010). With sediment cores off the coast of the Faroe Islands, it is more 
plausible to have sandier sediment because there was no confining beach ridge. However, 
the Rassmusen and Thomsen (2010) study believes the Storegga Tsunami was the cause 
of the 2 cm thick sandy layer seen in the sediment core. 
Based on the sediment changes observed between Unit I and the rest of the core and the 
strong indication of marine influence, Sandsvatn was likely impacted by the Storegga 
Tsunami. The high levels of sandy material align with previous studies of the Faroe 
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Islands and other North Atlantic islands, and calcium is a clear indicator of marine 
sediment. The established timing of the Tsunami at 8000 cal year BP also aligns with the 
Sandsvatn age model, showing the sharp sedimentological change at the same time. 
 
Figure 8. Major environmental changes shown based on high resolution data. Unit I is 
interpreted to be a Storegga Tsunami deposit, Unit II shows increased variability of sand 






Unit II (8000-1600 cal yr BP): Holocene climate variability 
Sedimentation across Units II and IV was studied to infer changes in the overall 
nature of Holocene climate at this site from 8000 to 1600 cal yr BP. Both Units II and IV 
are characterized by brown, silty sediment, with high frequency variations in sediment 
properties, and primarily by variations in titanium. There are peaks in the sand 
percentages throughout the record, but these can best be seen in the top 105 cm, where 
there are higher resolution data (Figure 6). Organic matter, C/N values, and sulfur are all 
variable, with a decreasing trend in C/N values in Unit IV (Figures 8). Titanium is also 
highly variable throughout the core, and peaks can be seen aligning with sand content 
peaks (Figure 6).  
The variability in sediment parameters, particularly the titanium and standard 
deviation of titanium (Figure 8), is representative of a high energy environment where 
coarse sediment is frequently mobilized into the lake. These characteristics likely reflect 
the intensity of wind and storms in this region of the North Atlantic, particularly during 
the winter (Hurrell, 1995). Variations in physical sediment properties therefore may 
indicate long term changes in storm frequency and intensity. Large storm events bring in 
fluvial deposits and sediment from the catchment area. During storm events, rivers have 
higher discharge and have a greater capacity to transport sediment.  This means that 
during high intensity storms, larger sand grains can flow into lakes and get carried farther 
away from the shore. In addition, larger storms with winds reaching over 65 can transport 
a greater amount of larger sediment grains (Meteoblue, 2019). More frequent periods of 
coarser sand grains in sediment cores from other coastal environments around the North 
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Atlantic have also been interpreted as a change in storm path or increased storm intensity 
(Stewart et al., 2017).   
 This study investigated the Sandvatn record for changes in variability of the 
titanium data as a proxy for storminess from 8000 to 1600 cal yr BP. Titanium was 
analyzed throughout the core, and the standard deviation down core was also calculated 
to assess changes in the amplitude of the data, to further quantify variability. Titanium 
has little variability during the early part of the Holocene, from around 8000 cal yr BP to 
7000 cal yr BP (Figure 8). Titanium becomes more variable c. 7000 cal yr BP, and 
further increases c. 3000 cal yr BP during the mid- to late- Holocene. This can also be 
seen in the standard deviation data, with an spike at 7000 cal yr BP and another at 3000 
cal yr BP (Figure 8). Grain size changes can broadly line up with shifts in titanium 
(Figure 6b). These grain size changes and titanium shifts in the Sandsvatn record seem to 
provide evidence for climate change, storm variance, and NAO variance in the region. 
The increase in titanium variability around 7000 cal yr BP might be associated with the 
decrease in insolation and temperature observed in the North Atlantic and/or the final 
melting of the Laurentide ice sheet, which impacted oceanic and atmospheric circulation 
patterns (Andresen et al., 2006; Olsen et al., 2010). This cooling trend during the mid- to 
late-Holocene may have led to more frequent, intense winter storms in the North Atlantic 
Ocean. There was another increase in amplitude of the standard deviation of titanium in 
the late Holocene, and this may be associated with a shift in the track of the NAO similar 
to that found by Orme et al., (2017). Their study was conducted using data from Spain 
and Scotland and suggests that the path of the NAO shifted from a southernly position to 
a more northerly position during the late Holocene, in association with a shift from a 
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negative to a positive NAO. This is due to a decrease in winter insolation and increase in 
summer insolation that occurred in the late Holocene, leading to a steep temperature 
gradient, causing the Jetstream of the NAO to be moved further north (Orme et al., 2017). 
With an increase in storms, there is more precipitation and strong winds, leading to an 
increase in coarse, terrestrial sediment deposited into the lake, causing an increase in sand 
percentage and titanium. The increase in standard deviation of titanium data might 
support the idea of a progressive increase in storms associated with long term decreasing 
insolation during the Holocene.  
 
Unit III (1600 cal yr BP/AD 400): Initial Human influence 
Unit III is characterized by an abrupt change in sedimentation and is marked by a rapid 
increase in sedimentation rate, high C/N values, high organic matter content, high 
magnetic susceptibility, and low sulfur content (Figure 8). The sediment is a dark brown, 
organic rich layer with visible plant material. Organic matter and C/N values both 
increase at the start of Unit III, decrease rapidly at the end of Unit III, and are distinct 
over the previous c. 7000 years of sedimentation. Magnetic susceptibility also has a large 
spike at the onset of Unit III, and then decreases after a few centimeters. An increase in 
magnetic susceptibility can represent a change in influx of minerogenic material into the 
lake (Thompson et al., 1975). Because the Faroe Islands are primarily composed of 
tertiary basalts that are rich in ferromagnetic titanomagnetite, magnetitic susceptibility is 
a good method to track changes in sediments in the lake (Hannon et al., 2005). The 
increase in C/N values and organic matter are typically indicative of a large input of 
terrestrial material to the lake basin. Because of the rapid sedimentation during the period 
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of deposition of Unit III, there is old, reworked carbon in younger sediments, which 






Figure 9. Dates of human arrival times to the Faroe Islands (modified after Church et al., 
2013). Green boxes are from Church et al. (2013), with the earliest human arrival time 
between the 4th-6th centuries based on peat ash. Hannon et al. (2005) concluded the next 
arrival time to be during the 6th century, and then Lawson et al. (2005) concluded the 
youngest arrival time during the 9th century. The arrival time suggested here is closer to 




One explanation for these drastic changes in sedimentation is due to climate 
change. There is evidence of an expansion of peat in the Faroe Islands that was either 
caused by humans or climate change. One study has concluded that peat expansion 
occurred almost entirely before human arrival, and the climatic conditions happened to be 
conducive for the initiation of blanket peat (Lawson et al., 2007). At the time of the mid-
Holocene, the climate was wetter and more conducive to peat expansion (Lawson et al., 
2005). Another study by Lawson et al. (2005) concluded that vegetation changes as a 
result of humans were subtle and gradual, but vegetation changes had already begun by 
the time humans arrived (Lawson et al., 2005). Hannon et al. (2005) agrees that climatic 
changes caused vegetation changes, mainly peat expansion, and that this would have 
caused a disturbance in the sediment record earlier than human arrival. The study 
concluded that there were permanent human settlements during the 6th century based on 
diatom records, but the peat landscape disturbance predates charcoal and cereal records 
(Figure 10) (Hannon et al., 2005). Lawson et al. (2005) conclude that humans did not 
inhabit the Faroe Islands until the first half of the 9th century (Lawson et al., 2005, 
Lawson et al., 2007).  
 The second hypothesis for the increased sedimentation is due to early humans 
altering the landscape. Church et al. (2013) provided archaeological evidence from 
humans dating between the 4th and 6th centuries, which places human arrival 300-500 
years earlier than previously thought (Figure 9). There is evidence from wind-blown sand 
deposits that contain burnt barley grains in peat ash that predate Viking longhouses 
(Church et al., 2013). One common piece of evidence that many studies analyzed is a 
spike in magnetic susceptibility, which could be due to the onset of humans (Figure 9) 
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(Hannon et al., 2005, Lawson et al., 2005). A spike in magnetic susceptibility might be 
indicative of humans altering a landscape, as seen in Sandsvatn, as opposed to climate 
change which Hannon et al. (2005) and Lawson et al. (2005) proposed. While both the 
Hannon et al. (2005) and Lawson et al. (2005) studies concluded that the spikes seen in 
magnetic susceptibility occurred before human settlement, they also mentioned the idea 
that humans could have arrived on the Faroe Islands before inhabiting them, or an earlier 
arrival date with no archaeological evidence.  
The onset of Unit III in Sandsvatn, if the result of human landscape changes, matches 
most closely with the time period of human arrival proposed by Church et al. (2013), 
during the late 4th century (1500-1600 cal yr BP). An increase in organic matter was 
observed in the Sandsvatn sediment core, which is likely a result of deforestation and 
agricultural practices from early humans. This would also increase the amount of 
terrestrial sediment deposited into the lake basin, which is consistent with the increase in 
C/N values. There is uncertainty in the age model for Sandsvatn across this interval, c. +/- 
400 years, but it matches with other sedimentary changes in nearby lakes, which can 
augment archaeological data that have been dated (Figure 9). Adding to the record of 
human arrival across the North Atlantic Ocean helps provide a more concrete 




The Sandsvatn record helps to characterize a number of events in the Holocene 
history of the Faroe Islands, including the Storegga Tsunami, changes in atmospheric 
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circulation patterns and storminess, and the arrival of humans. In particular, the timing 
and wave characteristics of the Storegga Tsunami are consistent with other studies. 
Estimations of the run-up on the Faroe Islands are around 20 m, and occurred 8000 cal yr 
BP. The sandy layer in the Sandsvatn record occurred c. 8000 cal yr BP, and the tsunami 
had a wave height high enough to breach the confining beach ridge.  
The change in storm intensities can be seen in the high resolution titanium data, 
which can be corelated with grain size data. The increase in variability in titanium c. 
7000 cal yr BP aligns with decreasing insolation and cooler temperatures, leading to more 
intense and frequent winter storms. With cooler temperatures, the intensity of winter 
storms will increase, having more of an impact on the Faroe Islands. The second, larger, 
increase in titanium variability in the late Holocene is similar to trends seen in other 
locations in the North Atlantic, and could be a result of shift in the NAO to a more 
northern track, which would have a greater impact on the Faroe Islands.  
The timing of the arrival of humans has been debated, and this study sets the 
arrival date 300-500 years earlier than previously thought. An abrupt spike in magnetic 
susceptibility and organic matter suggest a large, sudden landscape disturbance, that can 
be a result of the onset of humans. This is consistent with recent studies and new 
archaeological data, further suggesting a disturbance caused by humans instead of climate 
change.  
These events have been interpreted from studying lake sediment cores, and contribute to 
a more complete record of Holocene climate and human migration. High resolution data 
from the Faroe Islands adds to both the record of North Atlantic atmospheric circulation 
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